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Fig. 1 Velocity triangle relationship for blade element
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Fig. 2 Blade structures before and after the torsion
angle modification of the airfoil
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Fig. 3 Flow chart of FSI
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Table 1 Reference wind speed and correction angle at
different spanwise positions
R E /m S Wi/ (m-s™) BIEMEC)
10.5 16.0 -394
16.5 243 -27.6
20.5 29.9 -22.8
24.5 35.5 -19.4
28.5 41.1 -16.8
32.5 46.7 -14.8
36.5 52.3 -13.3
40.5 57.4 -12.3
48.5 69.2 -10.1
54.5 77.1 -9.2
58.5 82.7 -8.4
60.5 85.6 -8.1
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Fig. 4 Global and local grid cells for CFD
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Fig. 5 Finite element mesh for
structural calculation
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Fig. 6 Comparison of blade surface pressures
for two models
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Fig. 7 Pressure distribution comparison
around the airfoil at the spanwise
position of 40 meter for two models
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Fig. 8 Speed distribution comparison around the airfoil

at the spanwise position of 40 meter for two models
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Fig. 9 Comparison of blade tip displacements
for two models
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Method for wind turbine blade FSI numerical simulation

WANG Weilong, TIAN De, DENG Ying, LIN Junjie

State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources, North China Electric Power
University, Beijing 102206, China

Abstract Taking a 5 MW wind turbine blade as an example in our research, a rotor rotation simulation for the fluid-structure interaction
is made. The combination of the wind rotation speed and the inflow velocity is simulated by considering the wind shear effect, and the
torsion angles of the blade airfoil at different cross sections are modified, to establish the rotation simulation model of a wind turbine blade.
The wind tunnel test of the wind turbine blade is simulated through a finite element software. The air pressure and the flow speed under
the rotation effect around the blade together with the blade surface pressure are simulated. Using a data exchange platform to exchange the
blade structure displacement and the surface pressure data, obtained through structure and fluid calculations, respectively, the fluid-
structure interaction results are obtained. The results are compared with those at the rated wind speed and the reference experiment, and
the rotation simulation method is verified.

Keywords wind turbine blade; fluid=structure interaction (FSI); wind shear; rotor rotation simulation
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